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I3 ABSTRACT
Changes of myocardial substrate utilization have been studied in dogs unde'r pentobarbital anesthesia following the administration of E. coli endotoxin. My'ocardial substrate utilization under control conditions, at two hours, and again at three to four hours following endotoxin administration were compared. At both periods following endotoxin mean arterial blood pressure, heart rate, and arterial pH were decreased while myocardial blood flow did not change. Arterial lactate increased greatly, FFA did not change, glucose and 02 decreased. Myocardial uptake and oxidation of FFA were greatly diminished and lactate uptake markedly elevated both periods following endotoxin. While under control conditions more than 70% of the energy utilization of the myocardium was derived from FFA, and about 30% from lactate, following the administration of endotoxin the contribution of FFA to myocardial energy utilization was greatly diminished and that of lactate was elevated. Thus a shift in utilization of substrates was observed favoring lactate and diminishing the contribution of FFA. These findings were similar to the changes in substrate utilization that were observed previously during experimentally produced hemorrhagic hypot ens ion. 
ATERTIAS AND METHODS
The experiments were performed on six adult mongrel dogs weighing Although the time interval between the two sets of experimental blood samples was 1-2 hours, the metabolic condition of the anirrals (with regard to the two major myocardial substrates) was quite stable.
This can be judged by the unchanged arterial FFA concentration, by the similar arterial lactate concentration between the two experimental samples (Table 2 ) and also by the absence of a significant change in arterial FFA specific activity between the two samples (i.e. mean art.
FFA SA of the first post-endotoxic sample = 2312 ± 821 dWm/umole, and the change between the two arterial samples = 323 ± 233).
All blood samples were analyzed for the concentration of FFA (5), lactate (12), glucose (16) , and 02 and CO2 concentrations (24) . In 
RESULTS
The henmdynamic charges following endotoxin administration are indicated in Table 1 . It may be seen that mean arterial blood pressure decreased b' about 50% at the earlier time period and fell even further latex on. Heart rate decreased, but to a lesser degree than pressure.
Myocardial blood flow decreased on the average, however the changes were not significant. Arterial blood PH decreased significantly at both time. Hematocrit remained unchanged.
Alterations in arterial metabolite concentrations and FFA flux following endotoxin administration are shown, in Table 2 . Changes in myocardial FFA and 02 metabolism are illustrated in Table 3 . The fraction of arterial FFA that was removed through one passage is indicated under the heading of FFA extraction. Both of the labeled fatty acids were extracted by the nyocardium to the same extent.
Following endotoxin administration, extraction of both isotopes was fi diminished. Although the extraction of 1 is depressed more than that of 3 H, these differences are not significant. Both FFA uptake and oxidaticn diminished markedly following endctoxin administration.
Myocardial PQ increased significantly during the first, and slhwed an average increase at the second sampling tire wlidh houever was not statistically significant, although 5 cf 6 arimals exhibited an increase in this parameter. Myocardial oxygen uptake decreased significantly during both sampling periods.
Changes in arterial lactate concentration and myocardial lactate • extraction and uptake are shown in Table 4 . Arterial lactate concentration increased fro 1.3 imples/rl to close to 5 nmoles/ml. Thirtyeight percent of the arterial lactate was extracted under control conditions. This value decreased markedly following endotoxin administration. Myocardial lactate uptake increased considerably during both experimental periods.
It may be calculated that during the contrcl phase of the experiments, 76% of the myocardial OD2 production is accou.ted for by FFA oxidation and about 30% by lactate utilization (Table 5 ). These figures were markedly altered during endotoxin shock, indicating that FFA cortributed to a lesser degree and lactate to a nuch greater extent to the nyocardial energy metabolism than during the contrcl period. These data and the rethod of calculation used in obtaining the values are shown in Table 5 .
DISCUSSION
The possible role of the heart in the progression of irreversible shock is still debated. Hinshaw and collaborators (7,9) using a similar shock Prodel to the one employed in these studies, although utilizing the The present studies indicated no evidence of myocardial hypoxia as judged by the absence of a diminished lactate utilization following endotoxin. A similar conclusion was also drawn in previous studies (18, 23) .
It may also be noted that the myocardial E% of 02 decreased at least during the experimental period, again indicating the absence of tissue hypoxia.
Although cardiac output was not estima ted in the present studies, it is likely that cardiac output was decreased along with the dimin-.1ished
MM.
Since the latter parameter decreased by almost 50% and by 30% at the two time periods of the study, and the myocardial 02 consu•ption was decreased by only 22%, it seems that the efficiency of the myocardium, was diminished following endotoxin administration.
A similar conclusion was reached in previous studies involving endotoxin insult (18).
It is not evident from these studies whether the shift of substrate utilization is a direct response of the heart ot endotoxemia or it is related secondarily to the elevated arterial lactate concentration. The latter alternative appears to be the favored one at this time, sine similar metabolic alterations are also observed in other shock models (22,23) as well as after the administration of Na-lactate in control dogs (unpublished observations). At this time one can only speculate about the physiological significance of the preference shown by the mvocardium to utilize lactate over FFA, which is similar to the preference exhibited by the myocardium of control dogs for ketone bodies over FFA (14) .
The most significant finding of the present studies is the shift of myocardial substrate utilization following the onset of shock which precedes any functional deterioration of the myocardium by several hours.
Whether this metabolic change contributes to the transition to subsecuent irreversibility of the condition remains to be further investigated.
